Introduction
Nitric oxide (NO) is now recognized as an endotheliumderived vasodilator and a possible neurotransmitter (1) . In biological systems, it is produced in very low concentrations, and it has a very short half-life (< 6 s) (2) . Under physiological conditions, NO may degrade to nitrite (NOi~) and also nitrate (NOJ"). This, however, represents only one of its inactivation pathways. Detection of NO^~ and NOJ" is commonly used as an index of nitric oxide synthase 2 ) activity. A number of methods for NO, NO£~ and NOJ" detection have been reported. Measurements of reactive NO are made by chemiluminescence using the reaction of NO with ozone (3, 4) or luminolhydrogen peroxide (5, 6) and by spectrophotometric assays based on the reaction with oxyhaemoglobin (7) or Fe-S proteins (8) . For measuring the more stable NOf and NOJ", a Chromatographie method (7), a reaction of NOf with Griess reagent followed by a spectrophotometric detection (9, 10) , an automated system with a NQf-GWess reagent reaction (11, 12) , and fluorometric method (13) have been reported. With these spectrophotometric and fluorometric methods, NOJ~ has to be reduced to NO^T by nitrate reductase or more commonly by % metal such as cadmium prior to the reaction with the reagents.
During the study of the effects of nitro-L-arginine on NO release from cultured endothelial cells, the NO^Y NOJ" concentration was determined by cadmium (Cd) ! ) Funding Organization: The National Heart, Lung and Blood Institute, 9000 Rockville Pike, Bethesda, MD 20892, U.S.A. 2 ) Enzyme: Nitric oxide synthase reduction and Griess reagent reaction. We found that the samples always produced more colour or apparent NOJ in the presence than in the absence of nitro-Z,-arginine. Preliminary data showed that the bradykinin stimulation of bovine coronary artery endothelial cells increased the production of NO^~. In the presence of nitro-L-arginine, the production of NOJ increased further rather than decreasing. This prompted us to investigate the effects of nitro-Z,-arginine on this assay method and the production of the interfering species in the assay. Determination of nitrite in bovine coronary artery endothelial cells Bovine coronary artery endothelial cells were cultured onto 6-well plates as previously described (14). The cells were washed with Hepes buffer and then incubated in 3 ml of buffer containing nitro-L-arginine (30 μτηοΐ/l) or vehicle for 10 min at 37 °C. Then, bradykinin (1 μιηοΐ/l) was added, and the incubation continued for 2 h. Following the incubation, the supernatant was removed for NOf/ NOJ" measurement and the cells were frozen for protein determine-tion (15) . Total nitrite (NOf and NOf) was measured by the Griess reaction (see below). The results were expressed as total nitrite (pmol) and were normalized to the total amounts of protein. Cellfree samples did not have protein content and they were compared at the same volumes and concentrations of chemicals. 
Materials and Methods

Results and Discussion
It has been shown that bradykinin stimulated the NO production of endothelial cells (16) and the nitro-L-arginine was a potent inhibitor of the nitric oxide synthase (17, 18) . Preliminary data show that bradykinin stimulated total NOi (NOf + NOf) production by cultured endothelial cells ( fig. la) . However, preincubation of the cells with the nitric oxide synthase inhibitor, nitro-Larginine, increased instead of decreased NOJ production. In contrast, nitro-L-arginine markedly inhibited the nitric oxide synthase activity in the cells (fig. Ib) . The total NOf (NOJ + NOf) in mfcdia (cell free) was also increased by nitro-L-arginine ( fig. la) . These data indicate that nitro-L-arginine actually inhibits NO production by endothelial cells and suggests that nitro-Larginine may interfere with the assay for NOf by cadmium reduction and Griess reaction.
Standards of NOJ, NOf or a mixture of equimolar amounts of NOJ and NOf were prepared. The samples containing NOf were treated with Cd and reduced to NO£~. The samples were then reacted with Griess reagent, and the absorbance was measured. The standard curves are shown in figure 2a . The absorbance of the three sets of standards were superimposable for every concentration indicating that the experimental conditions were acceptable for the assay of NOS". The possible interference of impurities in Hepes buffer and the Cd was investigated by incubating various amounts of Cd powder in water or Hepes buffer for 15 min, adding Griess reagent to the aliquots and measuring absorbance. More apparent NOJ, i. e., greater absorbance, was measured with increasing amounts of Cd. The absorbance was slightly greater in Hepes buffer than in water. However, the amount of colour detected as NOJ in the water and Hepes buffer was far less than (over 100 times) that measured in subsequent experiment with nitro-L-arginine. D-Arginine, L-arginine, amino-L-arginine, and nitro-L-arginine from several sources were incubated in Hepes buffer with and without Cd. Arginine analogs without the nitro-group did not produce measurable NO£~ with Griess reagent when incubated in the presence or absence of Cd ( fig. 2b ). In contrast, large amounts of apparent NO^~ were measured when nitro-Larginine was incubated with Cd. No NO^" was detected when nitro-L-arginine was not treated with Cd. Nitro-Larginine from different suppliers gave similar results. The nitro-L-arginine-Cd incubation solution was purified by HPLC to eliminate any possible impurity, including NOJ", and the peak fractions were collected and reacted with Griess reagent. The fraction containing unreacted nitro-L-arginine did not produce the colour while the fraction containing the reaction product gave the colour with Griess reagent. This shows that an impurity in nitro-L-arginine could not account for the colour production. The concentrations of apparent NOJ increased with increasing amounts of nitro-L-arginine. Incubation of nitro-L-arginine in Hepes buffer with Cd produced apparent NOJ immediately (data not shown) and the apparent NOf concentration did not increase with a longer incubation time up to 3 h, The apparent NOJ was also observed in the incubation of nitro-L-arginine with Cd/Cu amalgam or by adding nitro-L-arginine to the flow through of a Cd column used with an HPLC or an automated NOj/NOf flow injection analyzer (19) .
To identify the product(s) from the incubation of nitro-L-arginine with Cd, the incubation solution was analyzed by HPLC, and the compounds were separated on a Cig or amino propyl column. Nitro-L-arginine gave a single peak on HPLC that eluted on the ODS C 18 column at l min and on the Nucleosil Qg column at 7.8 min. Following Cd treatment, two peaks were observed, the nitro-L-arginine peak and a Cd-derived reaction product peak. The reaction product was more polar than nitro-L-arginine and eluted at 0.6 min on the ODS Cig column and at 5. b) UV absorption spectra taken from the peaks of chromatograms during the analysis. The solid line (I) is the spectrum of nitro-Larginine (the first peak) and the dashed line (II) is the spectrum of the reaction product (the second peak). The spectra are normalized at the absorption maxima. versus 14.2 min for nitro-L-arginine) ( fig. 3a) . The absorption maximum of the reaction product was shifted from 270 nm for nitro-L-arginine to 255 nm with a weak absorption peak at 350 nm ( fig. 3b ). This product also had a light yellow colour. The retention time and UV absorbance of this product did not match i-arginine or any of the arginine analogs used in this study. The reaction product of nitro-L-arginine with Cd was isolated by HPLC and added to the Griess reagent. It formed a coloured adduct that had the same visible spectrum as the one formed in the reaction of NOi" with the Griess reagent (absorbance maxima of 543 nm). We therefore call the colour or absorbance produced by the Cd-derived reaction product "apparent NO^"". The identity of this reaction product is not known.
In conclusion, the incubation of nitro-L-arginine with Cd generates a product, possibly products, that appears responsible for the apparent NO^~ that was determined by the reaction with Griess reagent. These data indicate that nitro-L-arginine will interfere with the measurement of NOj". Detection of NO^~ and NO J" is commonly used as an index of nitric oxide syrithase activity even though these ions are not the only products of NO degradation (12, 20) . Interference Of nitro-L-arginine with the detection of NOf will further complicate this relationship.
For this reason, caution should be used when using the NO^~/NOf measurement by the Griess reaction to assess inhibition of nitric oxide synthase by nitro-L-arginine.
